The objective of this work was to examine the migration of transplanted bone marrow hematopoietic lincell population using the BALB/c mouse contact hypersensitivity model in vivo and to determine the time point at which they reach the site of injury (paw edema) as well as other undamaged organs, such as liver and spleen.
Introduction
Hematopoietic stem cells (HSC) change their location several times during their development. This migration is a hallmark (a concurrent quality) of blood forming cells, enabling them to leave bone marrow and to move into injured tissue and/or return back to bone marrow. This process is called a physiological migration of HSC [1] [2] [3] . Transplanted cells possess the possibility to migrate into sites of injury and to participate in the regeneration process of the damaged tissue. Mezey and Chandross [4] found that hematopoietic bone marrow cells transplanted into an irradiated recipient may migrate to the brain and transdifferentiate into microglia, astrocytes and neurons. It should be noted that the development of astrocytes and microglia is stimulated by injuries to the CNS [5] . Studies in vitro revealed that cell migration is initiated by SDF-1 factor, produced by bone marrow, stroma and endothelium cells. SDF-1 factor is the main chemoatractant of immature human and mouse stem cells expressing the CXCR4 receptor [6, 7] . It is presumed that DNA damage (the toxic effect of drugs) increases SDF-1 secretion and stimulates the proliferation of transplanted cells. In the case of injured tissue or organs, stem cells selectively migrate to the site of injury and start to divide and differentiate in situ thus forming a new tissue [8, 9] . Serfozo et al. [10] determined that neural progenitors derived from mouse embryonic stem cells migrated toward factors secreted by glioma cell lines UN8, N1321 and C6. Investigation of stem cells using the contact hypersensitivity model in vivo revealed their migration into the site of inflammation and a decrease in the infiltration of inflammatory cells [11] . It was noted that HSC inhibited mouse paw edema [12] . However, the molecular mechanisms of cell migration are not fully elucidated. The influence of microenvironment on the transplant is presumed to provide a regulatory effect [13] . It is also known that physiological and donor-type cell migration processes are usually regulated by general mechanisms (e.g. SDF-1/CXCR4, VLA-4/VCAM-1 and CD44/HA interactions) [3, 14] . However, it is still not clear exactly when the transplanted cells reach the site of injury or where their process of colonization is located, and the nature of their local environment is yet to be characterized.
The objective of this study was to examine the migration of transplanted bone marrow unmatured hematopoietic cells using the BALB/c mouse contact hypersensitivity model in vivo and to determine the time point at which they reach the site of injury (paw edema) as well as to check for their presence (their migration) in other undamaged organs, such as liver and spleen. Hematopoietic lincell population used in our study was highly enriched with CD117 + , Sca-1 + cells, which is considered to be a good model for HSC [15] .
Experimental Procedures

Animals
Female BALB/c mice (weighing 20-22 g), obtained from the Laboratory Animal Center of the Institute of Immunology of Vilnius University (Lithuania), were used. Animals were maintained in an environment of controlled temperature (20-22ºC) . Food and water were provided ad libitum. All procedures were carried out in accordance with the guidelines of the European Union and were approved by the Lithuanian Ethics Committee on the Use of Laboratory Animals under State Veterinary Service.
Isolation of mouse bone marrow cells
Mice (6-8 weeks old) were sacrificed by cervical dislocation. The extracted bones were placed on a Petri dish containing phosphate buffered saline (PBS) containing 2% Fetal Calf Serum (FCS). Bone marrow was obtained by flushing with sterile PBS with FCS through one of the femoral epiphyses, using a syringe needle (27-gauge). The bone marrow cells were collected in sterile PBS and were washed 3 times by successive rounds of resuspension (in sterile PBS) and harvesting by centrifugation for 6 min at 300 x g.
Isolation of low-density cell fraction
The low-density cell fraction (1.087 g/cm 3 ) was obtained by separation of mouse bone marrow cells in a Ficoll-Paque TM (GE Healthcare Bio-Sciences AB, Uppsala, Sweden) density gradient. A 3 ml aliquot of Ficoll-Paque TM was placed into a plastic tube and the same amount of bone marrow cell suspension in RPMI-1640 was layered on the top. This was centrifuged for 40 min at 400 x g. The cell fraction harvested from the interface between these two media was washed immediately and suspended in PBS.
Preparation of lineage-negative cell fraction
Lineage-negative (lin -) cell fraction was isolated from low-density cell suspension by negative selection, using magnetic cell sorting (MACS) techniques with the BD IMag TM mouse hematopoietic progenitor enrichment set (BD Biosciences, San Jose, CA, USA). This comprised BD IMag™ Streptavidin Particles Plus DM-and biotinconjugated monoclonal antibodies against mouse: CD3e, CD11b, CD45R/B220, TER-119, Ly-6G and Ly-6C (Gr-1). The was performed according to the manufacturer's instructions. Negative fractions were characterized using flow cytometry.
Flow cytometrical analysis
For flow cytometrical analysis, the following monoclonal antibodies were used: rat anti-mouse c-kit (CD117) conjugated with fluoresceinisothiocyanate (FITC) (Chemicon International, Temecula, CA, USA); and Sca-1 conjugated with phycoerythrin (PE) (Abcam, Cambridge, UK). Cell suspensions (2x10 5 per sample) were labeled with antibody pairs: Sca-1 -PE/CD117 -FITC; the appropriate amounts of antibodies were added to the cell suspension and the mixture was incubated at 4°C for 30 min in the dark. The cells were pelletted and washed twice with PBS. Later cCells were then analyzed by FACS Callibur TM cytometry (Becton Dickinson, San Jose, CA, USA). Isotype-matched nonspecific antibodies rat IgG2α -FITC (BD Biosciences, USA) and rat IgG2α -PE (Chemicon International, USA) were used for the control.
Cell labeling with fluorescent dye
Hematopoietic lincells were labeled with PKH67, a green fluorescent probe (Sigma, St. Louis, MO). 2×10 7 cells were suspended in 1 ml of Diluent C, and stained by rapidly by mixing with an appropriate amount of freshly prepared 4 μM working PKH67 solution. Staining was stopped by addition of 2 ml of FCS. Cells were collected by centrifugation (400 x g, 10 minutes, 4°C), resuspended in RPMI-1640 supplemented with 10% FCS, and washed twice with RPMI. After final washing, cells were suspended in PBS. The average recovery of this procedure was 78% viable cells, as assessed by the trypan blue exclusion test.
Contact hypersensitivity experiment
All the animals were sensitized by application of 25 µl of 0.5% 2,4-dinitrofluorbenzene (DNFB, Sigma) onto the shaved abdomen. After 3 days, mice were challenged with an injection of 10 µl of 0.1% DNFB into the paw. The DNFB solution was prepared just prior to application of the acetone-olive oil mixture (4:1). Cell transplantation was performed 24 h after the DNFB challenge. Isolated and stained hematopoietic lincells were used for transplantation. The mice were randomly allocated into groups (n=5 in each). Experimental BALB/c mice were placed in 7 groups, according to histological specimen collection time (1, 4, 8, 12, 24, 48 , 72 hours after cell transplantation). A total of 1x10 6 cells/mouse of hematopoietic lincells in 100 μl PBS were intravenously injected. Control group mice received 100 μl injections of PBS. The reference group was treated intraperitoneally with prednisolone (100 mg/kg of animal weight). Differences in the weight of the injected versus the uninjected paw were evaluated 48 h after treatment. This experiment was performed in triplicate.
Histological study
Following an appropriate time after cell transplantation, all mice groups were sacrificed for histological study. 2 mice were chosen randomly from each group, and spleen, liver, untreated paw and paw edema specimens of the recipient mice were collected and cryopreserved. Sections (four micrometers thick) were cut using a cryotome, and every 10 th section was used for examination. The presence of injected stained cells in sections was evaluated by fluorescent microscopy with a Nikon TE2000U instrument. Unchallenged mice paws served as a histological control.
Statistical analysis
A mean ± SD was calculated for all representative experiments. Statistical significance among the mean values was determined using Student's t test. P<0.05 was considered significant. All calculations were performed using Microsoft Excel (version 7.0).
Results and Discussion
In the process of cell development during experimental or clinical transplantation, cells migrate to the site of inflammation [16] . This migration is thought to be promoted by an increase in the local concentration of SDF-1 due to inflammation [17] . However, the time taken for the transplanted cells to reach the damaged tissue or other important tissues or organs is poorly understood. Our experiments aimed to elucidate the pathways of the bone marrow unmatured hematopoietic cells injected into veins of BALB/c mice using the contact hypersensitivity model. Unmatured hematopoietic cells were isolated from mice bone marrow. The low-density cell fraction was obtained by centrifugation of bone marrow cells in a density gradient. Isolated cells were fractionated using specific antibodies against the markers of mature hematopoietic cell lines conjugated with magnetic particles. The resultant Lincell population comprised 3.5±1.5% from the total population isolated from the bone marrow. Flow cytometry revealed that Sca-1 marker in this population was expressed on 83.27±2.92% (including 9.91±3.64 of Sca-1 + CD117 -) cells, and CD117 was found on 81.69±3.22% (including 8.33±2.00 of Sca-1 -CD117 + ) of cells. The amount of cells bearing both types of cell markers (Sca-1 + CD117 + ) was 73.36±4.96% (Table 1) . Fluorescently-stained hematopoietic lin-cells were used for transplantation to investigate the kinetics of migration in contact hypersensitivity model. In order to find out whether cells migrate only to the site of inflammation or whether some part of them could migrate to normal (healthy) organs (after injection with hematopoietic lin-cells), histological analysis of untreated paw, paw edema, spleen and liver tissues was carried out. Migrated cells in histological preparations were evaluated by fluorescence techniques (Figure 1) . The results showed that after one hour the labeled cells were found in the histological preparations from mice paw edema and liver ( Table 2) . Studies on kidney damage model revealed that stem cell homing occurred selectively to the injured kidney [7] . Similarly, the model of inflammation demonstrated that fetal liver HSC migrated selectively into the paw edema [11] . However, tests of liver injury revealed that HSC not only migrated directly to the damaged tissue, but also participated in its regeneration [18] . Our previous investigation showed that HSC exhibited anti-inflammatory properties in the contact hypersensitivity model and decreased mouse paw edema [12] . This study proves that unmatured hematopoietic cells inhibit inflammation. These cells reduced mouse paw edema (compared to negative controls) by 63.7±5.43% (Figure 2) .
Other studies demonstrate that HSC could be also found in bone marrow and peripheral blood 1 h after their injection [19] . However, the current work demonstrates that fluorescent labeled cells were found in spleen tissue only after 4 hours of inoculation. Migrated stained cells in untreated paw were not found. Other studies appear to be contradict the above: labeled hematopoietic progenitor cells have been found in liver and spleen after 1, 4, 24 and 48 hours [20] . Using kidney damage model it was found out that inoculated HSC were detected in kidney tissue following 24 hours of treatment [7] . Colvin et al. [19] stated that after three hours of inoculation the stem cells were not found in peripheral blood. Our study revealed that hematopoietic lincells could stay in liver tissue for 48 hours, in spleen and paw edema at least for 72 hours. The other authors using the model of xenotransplantation showed that in vivo systematically inoculated hematopoietic stem cell progenitors at first migrated into intermediate organs such as spleen and liver and only later reached their target, i.e. bone marrow [20] .
The results prove that bone marrow unmatured hematopoietic cells at initially target paw edema, where they participate in the inhibition of tissue inflammation; after a while, these cells migrate to the liver and are subsequently found in spleen tissue.
